A vacuum evaporated chromel and constantan thin film thermocouple is developed and used to measure the deposition temperature of evaporated permalloy films. The maximum permalloy film temperature is 120°C higher than the glass substrate temperature during deposition for low evaporation o rate, 15 A/sec, due to radiation energy from the tungsten boat and condensation energy from the permalloy films. In all cases, the temperature change due to radiation energy greatly exceeds that due to condensation energy. The heat loss through the glass substrate is negligible during deposition; under this condition the temperature change during deposition is predicted by theory.
I. In t r o cl uc t i on
Most experiments which discuss temperature effects on thin film parameters use the substrate temperature before evaporation, which corresponds to the heat sink temperature, as an important parameter. However, during evaporation because of the heat of condensation of the metal associated with the phase change from vapor to solid, the actual evapo¬ ration temperature of the film may be appreciably higher than the substrate temperature before evaporation.
However, a rigorous theoretical solution to this pro¬ blem is difficult because the heat loss through the substrate to the heat sink and the other energies associated with the metallurgical process during evaporation, such as, crystallzation, grain growth, migration and diffusion are still unknown. Therefore, an experimental approach seems to be an appropriate way to attack this problem. Figure 5 ), the maximum temperature change during evaporation o is about 120 C and the rate of change of the temperature is o about 1.20 C/sec. For the high evaporation rate, the temprature change during evaporation is less than that for the low evaporation rate. In Figure 5 curve (d),the evaporation o rate is 50 A/sec and the substrate is maintained at room temperature, then the maximum temperature during evaporation o o is 80 C. For curve (e), the evaporation rate is 85 A/sec, o the substrate is maintained at 68 C before evaporation and o the maximum temperature during evaporation is 100 0. These relatively low temperature changes for the high evaporation rate are attributable to a short evaporation time.
As we can see from the difference between the solid curve and the dashed curve in Figure 5 , the radiation energy from the tungsten boat is the main source for the temperature changes during evaporation.
One surprising result from these T-t curves is that it takes 18 minutes for the temjierature of the TFTC to decay to its original value after the evaporation source is turned off. By comparing this long decay time of the TFTC to the short evaporation time (normally below 100 seconds), we can predict that the heat loss from the glass substrate during evaporation is negligible.
The long decay time can be understood by the thermal properties and the geometry of the glass substrate and poss¬ ibly the lack of good thermal contact due to a small vacuum gap between the glass substrate and copper block.
Under this lossless condition, the temperature change during evaporation can be solved theoretically by Fourier's 11 equation of heat conduction.
As seen in the next section, the temperature measured by TFTC is in good agreement with the theoretical calculation. Using (6) and (7) the temperature of the tungsten boat is found and. related to the evaporation current. Table 1 shows this relationship. The complicated derivation of (11) is shown in detail in next section.
Equation (11) shows that the temperature distribution F t corresponds to a linear increase with time -^CLT ,together with a correcting term which depends on position and time* 16 This latter term is plotted in Caslaw and. Jager.
At the surface X=L, this term has the numerical value 0.355.
Therefore, the equation (11) The total incident heat flux is the summation of radia¬ tion and condensation flux. Erom (3) and (9), this total heat flux can be found as h = se £ _ w *
Thus,using (12)and (13) the result of theoretical calculation is shown in Figure 6 .
This result is in good agreement with the experimental result. 4. In .all cases, the temperature changes due to radiation energy greatly exceeded that due to condensation energy. 5*■The thin film thermocouple shows a very long decay time constant which predicts that the heat loss through a glass substrate during evaporation is negligible.
6. Under the lossless condition, the temperature changes during evaporation can be predicted by theory.
